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^sj-^ ^^71; ^^1- ^#71; ^7] aa^- a]^ ^ tils aIj^^ <y^^Ji. 
^^7] ^ ^12 His Ai^oii ^tb *H1 -^^^ ^^71 ^ 

^ ^12 ^;N1S. *H #^*>JL, ^^<^1^ ^7l 

^11 feel ^^is #^^l-fe DLL ;^H^; ^e^l^^*! el-^^I; ^7l ^fl^ 
1- ^J-71 ^Jioil tti-^ ^ii}-^ :g-^# ^«S^>fe ^12 

S. 2 
[A^oiolj 

DLL. ^sl-^ 
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Jl^ S|S.{DLL CIRCUIT} 



^ i-e ^'^■iH H^I'S ULL -aj^-s- '-t'^t'^l ^-^-s^, 

£ 2^ ^ ^^S^ -a ^Al<:^loll o^tb ^1^ Jl^^ i-fB)-^ 

J£ 3^: ^ ^ ^^l<m<^l ^tb ^1^ ^B. ^S. vfl<^l DLL 

£ 4^ ^ ^'^^ ^^I'^l'^l JL^ ^B. s\S. tfl<^l ^3}-^ DLL 

£ 5^ -g- ^ ^aH1<^1 3]^ ^191 Jl^ ifl<^l s^-¥- 

:£ 6^ ^ ^'^s^ ^ ^^1<^1'H1 s^tb ^1^ t+El-i^ Efo]injx£. 

210 : 220 : ^11 ^^7] 

230 : ^#7] 240 : DLL 

250 : ^eflo] ej-'^l 260 : ^s)-^ ^^7] 
270 : el#E]7>-^ 
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<i2> ^ ^H. ^Soll ^^S., DLL^ >^>-S-*>^ ^£ 

^l(ASIC) ^£^1 ^^^o]^ DDRCDouble Data Rate) SDRAM<HlAi ^^-l- ^1 

7]^ s-aJ o.^ ^]-§-s]fe x]o^ jl^ Slsoi] ^t!: 5}°]^. 

<i3> o.^, xlo^ ji;^ ^H(DLL)?1: «>£^1ti|1S-e1 ^^loll^i A>-g-^>^ :^7l 

>^ ^2.51^ ifl-f- oils] 51-^ ^^ISlTll ^>7l ^SflAi A>-g-§>^ ^^.o] 

B^oji^j mefl^m ^H^H ^>-§-^m ^^<^1^1 ^^^> 

711 ■^7l5lJ£^ *>7] ^n^^ AV-g-^Vcl-. 
<14> H 1^ r^^l^ DLL M-Ej-i^ o]B.]^ ^sflo^ r^;^]^ DLL 

sjs^, ^^"^l^i -B-^^ #€^321- ^;^i vfl^ Ai^ ^l-oi^ :e.^>^>ji. oiei^v ^ 

(110)<^lAl a.^ #e^(Fbclk)3l- l-ej(ciock)^ ^, ^"^l 4^ 

^^1- ^5^^3^>^ ^#71(120); ^^1- ^#7](120)ollAi Wliil ^S<H1 ttl-Bl- 

t:1ST:-l(130)<^l>H . #^ (Clock)^ ^l"?!^!^ ^, S. 

^i^(110)S. ^^1^ ^sfl^l st^(140)^ i^^nf. 
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<15> neiq-, ^Efl^ DLL s\S.<^] ^t}^, ^ DDR SDRAM^ ^^Ji pflo] u\] 

^TlM- sfl^l^l B^l^oilA^ w>ol^^ (binning) ^ ^^(ant i-fuse)» 

-g-^H ^ ^>#^<^> <=>] ^-f , 5ll^<^lAi^ ^^^^ ^ 

^(yield loss)7} ^>S*>^ , ^''1^1 efl't'^l^^^ <?>El-^^ a] ii.^ X\^o] ^ 

^ o>u|5l- ^^7> g;^o>^ '^B. S.^(yield loss)7> ^^S^-^] ^^]^<=>] 

<i6> ^7] ^4^>7] ^^><^ 91%^ ^ ^^M- 'yrEl-^^sf 

^oi ^^^m ^^n^^ z]- cg^oi]^^ 7]-^^s. DLL^ ^1<H^H 

^ ^^fl^^mc^i ZL ^^o] oj^cf. 

<17> >^7l ^^^^7] ^ ^^5^ yq<^ JL^ ^S. ^S.^. 

1- 'a^^i, <i^<Hi ^s. ^s^^ ^^-^ ^^^}^ ^11 ^4 
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^ ^^71; ^S. ^ ^7] :4l ^^7lSl ^^ ^^^o> ^ 

wliil ^^71 ;jfl2 tils AlSl* ^^l-^*>7l ^t!- 'SI- ^3L^ ^M^- 

^ ^#7l; ^7] #^ ^ ^12 wliU ^7] -gl- Al 

:£ ^ ^]2 wlin Aijio]] o^tb -^^^ ^-T-<^1^ 

^12 feEl ^ns. *H #^*>Ji, ^7l ^Jil- m fesi 

*H DLL ^71 h13i]s-^b1 >a-7l 

^ ^12 a] 51 ^:^<^1 tcj-el- SE^ ^^^S. Aj^Ht!: ^. ^JlS^i #^ 

*m ^9l\ ^7] vfl^ Ai^^ ^^^1:31, ^7] Ai^oii 

^S. ^s^^ ^^^^ ^^7l; ^ >^>7l xfl-^ Aij:- 

«J-o> 5q-^ol]Al o-o^^ gg^jq. :^o^ A]^ ^>ol^ M.^^-ZL, o]^]^ ^^1- 

ozj-^c^i ^7] -^7] ^#7is. Hl#e1'^> 

<19> IE 2^ -S- ^ ^AHloil 5^*1- x]^ ji;^ slSl- M-E)-^ o] 

^ sis^. Bi3i(2io). ^5t|-^ ^^71(220), ^Aj. 
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^#71(230), DLL ^1 (240), ^eH^I 51-^(250), ^12 ^s)-^ ^^71(260) ^ e]-&s^ 
7'>-^(270)» i^tlrcf. 

<20> ^^mO)^, -l-^CextCLK)^ '^^1J:<='> ^^1:5^0.^ :f , ^f^^}^ 

;^lll ^2)-^ ^^7] (220). ^#3^]-^ DLL ^l<H-^(240) ^ ^#*>^ ^9li250)3.S. 

<21> S.^, ^Bj-^ ^^71(220)^, ^1-71 tt^^J] (210)<Hl>H #^ ^ 

n^Jl, 2:^ ^5:(det_2T)o11 ^S. ^J^^ -g-^l-^ ^, 

€ ^« ^^1- ^#7l(230)S. ^1^. <^7lAi, >^7l #^ 

wl3Jl(210)<^l-^i ^^^>^ <^1-^^, ^ ^'^^ ^^^> 

^ ^#71(230)31 «1S Alj^dfl o^^ ^IQ^^ HV«g^ ^ o;^^ ^7] 

^^^]^. 

<22> ^#71(230)^. iL^ ^S. ^ ^7] 41 ^^71(220)^ # 

^>fe ^11 ^5:(sr_sgn) ^ >5ll2 ^^(sl_sgn)l- ^7] 
^^(sl_sgn)l: ^^l-^*>7l ^fll- ^^(sa_clk)# ^5^^s:>jl, ^7] v]M ^ 

Jl(sr_sgn) ^ ^12 wlJil ^^(sl_sgn)# ^^s>^ ^efl^l ^^-^(250)-2-^ #^^^1-^. 
^^1- ^^(sa_clk) ^ ^12 wlia Ai^(si_sgn)» DLL >iH^(240)S. #^ 

<23> DLL ^l<H-¥-(240)^, ^T-7l ^^1- ^#7l(230)S.^El ^^7] a] J: 

(sa_clk) ^ :*112 ^s:(sl_sgn)# 'S^^Ji, ^^71 ^^l- >iO:£(sa_clk) ^ 
wlil 'as(sl_sgn)<^l S^tl: a^Hl ^-f<Hl^ ^7] 2:^ 
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(det_2T)» A2 feBl ^;^l(High)^ *H #^*>:2-. ^7] 2: 

'ys(det_2T)* ^MMS. #^*]-^ tl:^^. 

<24> ^^lo] ej-^(250)^. ^7] tfl3Ji(210)S-?-Ei Aij^^ ^^^Jl, ^ 

7l ^#7l(230)S.^Ei >i]l wlJiL ^^(sr_sgn) ^ ;^12 wlia ^ Jl(sl_sgn)l- <a 

^7] m^ ^y] ^11 wjil ^J:(sr_sgn) ^ ;^12 tiliU ^^(sl_sgn)<>fl 

nJ-Bj- AlxTHt!- ^, Ai:£(intCLK)SA-1 ^^isl-^ ^12 ^ 

^^71 (260)3. #^«^>^ t!:^-. 
<25> Htb, :*112 ^sj-^ ^^71(260)^, ^7] ^z^o] e|-ol(250)ollAi #^tt ^7] # 
^ ^SCintCLK)* <a^11-:il. ^7] 2.^^ ^Jl(det_2T)<Hl tc)-^ ^S. ^ 

<26> tb^, 5:i#el7V^(270)^. -^71 ifl-^ #^ ^^(intCLK)» <a^^^<^V ^''^ 

€ ^^1 ^-^ ^1^ :a-^i-^>Ji. <^]^m 

#^ ^j^^^H. ^7] #^ ^si- >s-7i ^#71(230)3 %^^}^ 

<27> £ 3^ ^ ^^S^ ^ ^Ajo^loil o^«V yqc^ Jly^ S^S. ifl<^ DLL ^l<H-¥- 

(240)* M-H}'^ l-^tS-A^. <5H1 ^^Voi ^'^^V^ ^4. 
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<28> ^^a.(3i0)^, 4T^7flS^ RT l-^l-l-^ i^S^Vjl, ^7] Wl3El (210)3.-^ # 

^^(clk)-i: S^^^-^t^l, ^^^^Ei e]^ ^^(reset)l- '^^^^Jl. ^^7] #^ 
(elk)* ^^^1^ ^, ^^^^ ^71-^(320)^ ^1-* 
<29> ^7i«.(320)^, ^^7fls1 FD l-^l-^* S^*>Jl, ^7] 1-^ Hl3](210)S.^ 

Ei ^^(clk)» ^^S^^i ^^(reset)l- -^7] 

-f(310)5-^El 44^7flsl ^^1- 4^7flsl >tl 

Jl* ^71 ^^(clk)2l *>7j- oil^l (falling edge)<^l ^71^]?^ ^^7flfi1 ^7] #^ 

^5^^*>JL. ^7l 4^7]]^ -g-71 ^J: ^ H ^^^^ ^^^}^ DLL <el<^|o]l- 

^5^^^(330)3. #a^>^ ^Vc^.. 
<30> DLL ^<»}loll- >S-a-¥-(330)^, -^7] :^7l^(320)S-^El^ 4^7fl^ -^7] 

^ ^ ^^^(qa2fz, qa3f, qa3fz, qa4f. qa4fz, qa5f)^ *a^^<^> '^I'^l 
4^7flS] <yoi]o]^ A]^ ^ A>o]i- Ai^(det_cyc)» ^71 4^71121 

<^11- ^^<^1 ^]<^ JL^ ^<H1<^11-^ ^H*>:ii, ^7l A]:^ 

(det_cyc)l- ^#*>^ S^-^(340)S. #^i5r>^ ^^4r tb^. 
<3i> ^^-^(340)^. ^^-71 DLL ^S. ^M^(330)S.^^] ^7] 

^><='1# ^^(det_cyc)l- ^7] ^#7] (230)3.-^ b] ^7] ^s. 

(sa_clk) ^ ^12 wlJi ^J:(sl_sgn)l- ^^^.^H, i^l^S-^-tl, ^7] ^3:(reset) 
^ Efl^iH S.= ^:&(tm_dll)# ^a^^Jl. ^7l ;^12 Him ^^(sl_sgn)» ^7] # 
^ ^^(sa_clk)<^l ^^>o^ ^, '^1<^1 ^iE* Ji^ 

^7l ^S(det_2T)l- ;^12 ^^l(High)S. *H 

^^oll^ ^7] ^S(det_2T)» ^11 feel ^;^l(Low)S- *><^ #^*l-fe 
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^(det_2T)* ^^^3^>^ cfloi] ^^o]^.. 



<32> 5. 4^ ^ ^^3] ^ ^A1<^1<^1 ;^lo^ 3.^ ^= ils. tfl<Hl DLL 9l<^]o] 

<34> NAND 7llolH(402)^, ^7] ^^7^^ ^7] ^S. ^ OL # 

^12 ^^(qa3f)l- ^a^^^]- NAND ^, =L ^oJ]-^^ #^^>^ ^ 

<35> tb^, 7t)l2 NAND 7llolB(403)^, ^7] >«fll NAND 7)lolH(402)iq- 3.^^ ^^^S\Jl, 

^Ji(resetz)» 'y^1><il- NAND "S^^ ^. n ^^-^V^ 

<36> SE.^, >112 ^1^^(404)^. ^7] ;^12 NAND 7flolH(403)^ ^SL^r ^ 

<37> ;q]3 ^iHeK405)^, ^71 7H12 ^tHEK404)^ #^ ^^^<^> ^^tb 

^, Zl ^^l-^l: ^n^7fl^ <y<^l^ll: ^ ^11 ^'Hloll- Al^o^ 

(dll_en0z)^^>H #^*>^ ^cf. 
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<38> oit}^tK406)^, ^7] ;(fl3 "atHE-l(405)^ H3^^<^> 

^, ZL ^4^* 4^71121 ^<Hloll: Al^ ^ ^11 ^<='floll: ^Jl(dll_enO)S^i 

<39> ;5il3 NAND 7llolH(407)^. ^7] ^^7^^ ^7] ^ H 

^11 ^7] ^^St(qa2fz) ^ ^12 ^7] ^^^(qa3fz)# 

<^> NAND <^-t}-# T^^tb ^, ^ ^^21:^ #^*>^ ^J:^. 

<40> ;^il4 NAND 711o1:e(408)^, ^7] ^^7^ ^7] ^S. ^ n tiV^^ ^ 

^13 -^71 Aijio^ ^^^(qa4fz) ^ ^14 ^7] ^X(qa5f)l- *a^^t>]- NAND ^ 

<4i> NOR 7flolE(409)^, ^7] NAND 7flolH(407)^ #^ ^S. ^ ^7) ;Hl4 

NAND 7flolH(408)Sl #^ Ai^s. oj^Hi-o]- NOR 9^^-^ ^^tb ^, ^ ^^^^ #^*>^ 

<42> ;{il5 NAND 7flo]H(410)fe, ^7] NOR 7llolH(409)^ ^^ ^^^<^1- 

NAND ^<i># ^^t!- ^. ^ #^^>^ t!-^. 

<43> ;^16 NAND 7)l<5lH(411)^. ^7] a}-^ el>^ -tl^Kresetz) ^ ^^-71 ;^l5 NAND Til 

^^1^(410)^ %n ^2.9 *a^^^> NAND ^^tb ^. H ^^-Zk^ #^*]-^ 

<44> >)15 ^BlEl(412)^, ^7] NAND 7flolH(411)^ #^ ^^^<^> ^ 
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<45> att. ^17 NAND 7flolH(413)^, ^7] ^^7fls1 -§-7] 1-^ ^SL ^ n St^^ # 

^13 ^7] #^ ^^(qa4f)l- 'a^^^^^V NAND <S^* ^litV ^, ^ ^ 

<46> ;*il8 NAND 7llolH(414)^, ^7] :^]7 NAND 7flolH(413)fil- 

^7] 45 ^wlE^(412)^ #^ 'a^^<='> NAND 9^^* n^^t!" ^, H # 

<47> J£^, ;(119 NAND 7flolB(415)fe, ^^-71 ^^7flSl ^7] ^SL ^ H ^ 

^14 -§-71 Ai^(qa5f)^ «a^1><^> NAND <?1';+^ ^^t!: ^, ^ ^^f^^ ^ 

<48> ;5)lio NAND 7llolH(416)^, ^7] ;^19 NAND 7llo]H(415)^ 7^#^£lJl. 

^>7l el-^ ^:£(resetz)S *a^^<^> NAND <^^-^ ^, H ^^^^-^ ^7] >il5 

NAND ?\]o]M(410)S. 

<49> NAND 7flolH(417)fe, ^7] ;^18 NAND 7\]o]^i4U)S^\ %^ ^s. ^ ^7] 

»110 NAND 7l)olB(416)^ #^ 'a^^*:'} NAND n^^^ ^, =L # 

<50> 4Q oit3lEK418)^. ^7] >llll NAND 7flolB(417)^ #^ ^^1- '^^^^'^V ^ 

<5i> ;^17 oittlEK419)^. ^7] ;*)16 -yulBl (418)^1 #^ «a^^<*> ^^tl- 
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<52> ^18 9l^^]U20)^, ^7] :^]7 '^^^(419)^ %^ 

<53> s£^, ;*I19 ^»1bK421)^, ^7] m (420)^1 -t^ ^iji^ ^^^<i> ^^tb 

<55> >^1^^(423)^. -^7] ^110 <ytil^(422)^ #^ <a^^«=>> ^]'^^] 

^ ^, 

<56> ;t|lii oiii^EK424)^, ^o^7l ;^191^(423)^ #^ ^^1- *a^^<^> ^^tb 

<57> ^]i2 NAND 7llolB.(425)^, ;*llll (424) S\ ^^ ^Si ^ ^7] ^^iH 

oioiioj-i- Ai^(dii_enO)l- 'a^^<=>> NAND n^^tl: ^, ^ ^4^# #^3r>^ 

<58> tt^, ^]i2 ^BlE-l(426)^. ^^-71 ;*fll2 NAND 7llolH(425)^ #^ *S^^<5> 

<59> ;^li3 oiu^EK427)^, ^7] :^]10 NAND 7flolH(416)^ ^^1- 

<60> s}-^, 7(1114 <yiHBl(428)^, ^7] ;Hll3 olHlBl(427)^ 'iJ^^*^} ^^tb 
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<6i> ^]i3 NAND 7llolE(429)^, ^7] ^]12 9l^B\U26)^ #^ ^S. ^ ^7] 

9l^B\i428)2] %^ NAND 9^^-%: ^^tt ^, ^ ^^^^ #^*]-^ ^ 

<62> ;(ili5 tlwlt1(430)^. ^7] :^]13 NAND 7flolH(429)^ #^ 'a^1>«^> 

^^tt ^, H ^^^^ t!:^-. 

<64> >5lli7 <?lwlEl(432)^, ^3-71 ^]ie <^n]B\i431)^ %^ ^S.^ SJ^^<^> 

^, H ^i^l-^^ ^7] A>ol^ ^^(det_cyc)S.Ai #^^>^ tlrt^. 

<65> ;^li8 o]a^B](433)^, ^7] 9l^^](428)^ #^ *a^^<^> 

^, ZL ^7] ^^7flSl ^oflo]^ AiJi ^ ;H12 ^<i<^ll- ^^(dll_en2)SAi 

<66> :£ 5fe ^ ^^Sl ^ ^AHlofl Jl^ sis. xflofl 

2:^^(340)1- i^Bl-'i Ir^SSAi, o]cil ^§>C^ ^^«>^ 4^31). ^cf. 
<67> ;^119 «ytHtK501)^. ^7] A>olg Ai^(det_cyc)l- *a^^<^> ^. 

<68> at!-, ^120 ^^1^^502)^, ;*fli9 ^iHEi(5oi)^ %:^ «a^^<^> ^^tb 
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<69> ;^l^-^(503)^, ;^]20 <?lw1el (502)21 #^ ^^^<i> ^l*?!^] 

<70> at!:, ^114 NAND Tljo] e (504)^, ^7] ^1 (503)^ %^ ^S. ^ ^7] ^120 

^HlBl(502)^ <a^«l:o> NAND <?i^^ T^^t!: ^. ^ ^^tk-^ #^^>^ ^ 

'^]15 NAiNT) Thiols (505)^, ^1-71 ,^13 tfi^ ^J:(sl_sgn) ^ ^120 
^HlBl(502)^ #^ 'a^^^^^V NAND ^^'a-* ^^tb ^, ^ #^*>^ ^ 

<72> ^]2l 9ln\B\i506)^, ^7] ;^115 NAND 7flolE(505)Sl ^s.^: SJ^^^^V 

<73> tb^, ;^|122 ^BlBl(507)^. ^7] '^SlCsa.clk)!- <a^^<^> ^^tb ^, 

<74> a*!-, ;^123 <yBlBK508)fe, ^7] :422 91^^507)9] %^ ^^^<iV 

<75> tb^, ;*I124 ^«1B1(509)^. ^7] :^]23 9l^^i508)^ ^^ ^Jl* ^^^<^> ^^tb 

<76> ;H125 ^tHt^i(510)^, ;^124 ^tilEK509)^ ^^1: ^^^<i> 

<77> tb^, ;»Jll PMOS H^^1^E](511)^, 4ii ^;^>^ ^-^ ^^"^l "^^^Iji, 7]]o]^ 

^7l ;^U4 NAND 7\\<=>]^i504)^ #^ ^Jl* S^^^fei^. 
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<78> NMOS B.^^liBl(512)^, ^511^ ^^V^ ^7] PMOS H^^liBK511) 

9] =efl^ ^;^H 'S^slji, TljolH ^^}^ ;^121 ^ulBl(506)^q #^ 

<79> tb^, NMOS H^^l^tK513)^. ^^>^ "^^7] ^^1 NMOS B^^liBl(512) 

Si C]-;;;].^]] <a^5)jl, TllolB. ^^V^ ^7] ;^l25 ^1 BK510)21 A]^^ oj^H]- 

<80> a^. ;^)126 ^t3lt)(514)^, >a-7l e)^ <Q:£(reset)» <a^^<*> ^^th ^, ^ 

<8i> tt^. ;H12 PMOS H€^litK515)^, ^;^>^ ^^y-^] ^^slJi, Tfloje ^ 
^J-7l ;^126 ^ttl^i (514)21 ^^ "^1^^-2.13^, :^5lloi ^^7.}^ ^V7l yslll PMOS 

<82> att, >I127 ^tHEi(516)^, ^^V7> ^7l ;*lll PMOS HSfl^l^B] (511)^ 

^e-^M ^^siJi, ^;^v# s^^^ ^^tb ^, ^^i}-^* #^^}^ 

<83> t!-^, ;^128 ^i^Bl(517)^. ^7l ;*|]27 <?lttlBK516)^ %^ ^S.^ '^^^'^} ^^tb 

^, H ^4^^ ^7l >H127 ^HlEK516)S. ^1=1-. 

<84> lEtb. ^129 tlwlEi(518)^, ^7] ^127 <ytH&l(516)^ S^^^^V ^^tb 

^, H ^^^^ 
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<85> NMOS B^^1^B.-1(519)^. 7fl«>lB ^:^>^ ^7] efl^^H ^J:(tni_dll) 

<86> atb. »14 NMOS H€>^l:^iEl(520)^. ^^91 ^^}^ ^7] 2.-^ -yj^Ctnudll) 

<87> ;?il30 <y tfjE-l (521)^, ^1-71 EflrfiH S.^ ^ J:(tm_dl 1 )# ^^t!: 

=L ^^7] ;*114 NMOS H^^l^^Bl(520)5l TflolH ^^VS tb^-. 

<88> ;^116 NAND 7flolH(522)^, ^7] ;^l29 ^wlEl(518)s1 >^1J: ^ ^y] ^]30 

9l^B\(521)^ W^ 'a^^^V NAND '^^^ ^, H ^^^^ #^s^>^ ^l"* t!: 

<89> *!:^, ^]31 9l^^U523)^, ^7] ^]16 NAND 7llolH(522)2l ^Sl- 'a^^<*> 

tiv^tt ^. ^ ^^^^ 

<90> at!:, ^132 91^^(524)^, ^7] >ifl31 <?lHltK523)^ ^^ "^^^^V ^^t!: 

<91> £ 6^ ^ 'U ^^1<^1<^] ^tb ^1^ Jl^ ^H. M-Bi-i£ E^-OlnjS.S.Al, 

oil- %V^^H ^ 5]^^ ^2]-ofl x]i\t}c^ ^^t}^ ^-^4 

<92> «.^«.(3io)oii n]s^i210)S.^^ ^s(clk)7> ^^-^(310) ifl 

•HI 4^71131 RT #^##<H1 slefl ^:£(clk)7> ^^sl^c-il. o]e|^ s).;^^ 

■^^H ^:^(clk)7V S-:e.1- i«>^M-# nfl^ ^4^^^ 
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JL^^S. ^^-^^ al^(locking)<Hl ^^*>^ ^-f7> 

16^^ ^ DLL* '?1<^1<^11:^1^1711 ^t^. ^*<H1, ^7]-^(320)^, 

7flsl FD #^1-1-* ^^<^, ^^-^(3l0)S-^el <a^^^ 4T"7flsl 

^:£(cik)s] ^>7j- oil^Kfalling e(ige)«fl -^^IaI^^^ ^^7fl^ ^7] ^^1- ^5^^ 
*>7fl ^cf. olifl, -i-^ ^ls(clk)^ *>7J- oil^Kfalling e(ige)<Hl ^7^1?!^ o].^^ jl^ 
2^ -^^oflA^ ^ol 2|-o>A-1 ^ ^^o] ^o1:^]^Ai ^11 «.^7l(220) ^ 

^12 ^5)-^ ^^71(260)21 ;^l^(counting)^ol ^^7]] ^JL, o]6\] ^^7] 
(230)7> ^^^^>7fl £lc>l DLL<^1 Jl^^ ^ ^^cil, «o^^1^>7l ^^olt:^.. 

<93> 4*oi1. DLL ^oiloll- ^5^^^(330)<HlAi^, ^7i:^(320)S^Bl2l 4^^711^ ^ 

7] ^J: ^ ^ ^€^(qa2fz. qa3f, qa3fz. qa4f, qa4fz, qa5f)* *a^^<^> 

^ 8^^ *>7J- oD;^loiiAi ^ ^J:(dll_en)7l- Ir^^^^t:]-. ol&j^ 

^3)-^ ^^(DET.CYCSl High >N1^5147]- wm^^sl-^ ^, 

cfA] 2 ^<^1 ^1 n-^]^, ^^(det_2T)^ ^el ^^l-^l tcj-^]- 

<^^^S]^ ^^^^] ^7\] DLLol jl:^^ ^^^r:^. ^. ^^^^ '^^ 

<^lAi^ ^^(det_2T)sl ^^*H. Ji^ 4^01 Al3)-:a :fofl^ ^^^g ^ 

^ ^:£(det_2T)^ ncj-el- 27>xl o]o\]o]^ a]^^ ^tI] ^cf. 

<94> o]^6\]^ S^^(340)ol]A^^ nefl^ ^lael^l- ji^ ^^o] 

^-f . ^5:(det_2T)7> ;^12 fee^ ^;^l(High)7> ^yo^ «.^7i 

(220) ^ ^12 ^^71(260)7]- 2^^«^lAi 4^^S. ^^^V'^ -^^3^>:£4 ^T=f. olnfl 
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^^^^<n ^ 9X7\\ ti-^. ^^^^ -g- 

^ ^711 ^cf. cfA] ^*>ia, ^5)-^ A]^ ^ov o^.^ ^#71(230) 

^ ^IHH ellHmCShift Left) ^2 ^J:(sl_sgn)^ efl^t^ ^^1- 

(sa_clk)S- ^t5#^^J: ^, ^12 aliEL ^i:^(sl_sgn)7> ;5ll2 feel ^^NKHigh)^!^ 
^:&(det_2T)7> m feel ^^1(High)7}- slfe ^oicf. 



^ 7l#^ AV^a-^ ^fe <^3] 7]-;^ls 
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I^^IJ- 11 

T-l At -S- Ol AV-jI -fill ^TT 1^ y=3^-,^,^•\ ^?>:1 Al -S- S 01 Fil tjVrtl t= Al -s- Ol <i1 

^^1- ^7] ;5ll2 tils ^Sl- 'g€^*l-7l ^sl- ^5>^^«>^ ^ 
^> ^#71; 

^1-71 #^ ^J: ^ ;^12 H]^ Aij:^ ^s. ^ ;^12 

-a^'^l ^7l Ai^^ ^12 fee) 

*l-<^ #^*>Ji, ^-l^ ^-f<Hlfe ^^-71 ^11 feel ^A]S. 
<^ DLL ^l<H-f ; 

^7l #§1 ^7] ;^ll alii ^ ;^|l2 als ^j^ofl n|.el- 

^ SEfe ^^^^ Al^E^ vH-^ <O^SA-l #^^l-fe ^ello] e^-oi; 

^7l ^a^^Ji, Ai:feoii r4s. «^ ^i^^ 

-g-^^ ^^^1-fe ;^12 ^^71; ^ 
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^71 tfl^ ^^^<^> ^-^<^l^i ^^1 ^fl^ #^ ^1 

♦ 5L^*>^ ^^-^s. «m ^1*?! oi^g Sis. 



ICS I "CS 

^]i*J-<^1 9X^^^, ^71 DLL ;^l<H-¥-^. 

^71 4^71]^ >a-7l #^ ^Jl^ *>7^ <^l:^l«^l ^71^1?^ 

:^7i:^s:^Ei^ 4^711^ ^7] ^ n «]:^^^ <y^^^V <^H1 ^ 

^ 4^711^ "a-^loll: ^ A>ol^ Al^l- ^S^^*>^, ^7] 4^711^ ^<^1<^11: 

-tl^ofl ttj-el- Jl^ ^l^H^V^ DLL ^«^lollr ^S. ^3^^^; ^ 

^7] A>o]^ Aij:^ "^^^31. ^cJ-71 ^^l- ^ tilja 

^0.0^ , ^7l 51-^ ^ Bfl^B. S-JE. ^7l :^]2 v]mL ^Jl* ^^71 
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^-f<^l^ ^7] 2:^ feel ^^IS- *H #^*>i, ^-f<Hlfe 

«- i^^Vfe ^^i^S- ^Vfe x]^ ji^ 
31 

^1-71 Bfl^iH 2.JE. ^^fe, tfl^H ^1 2:^ ^^1- ^^S. S^^l-fe 

^^-^S- ^>fe JL^ ^S. 

l^^^^J- 41 

^12*J-<^1 ^^H^i, ^7l DLL 9l<=^o]M. ^5^^^fe. 

^7l 'a^^<>> ^^t!: ^, ^ ^^^^ ^SS-Ai #^*>fe 

^11 

4^7fl5l :^7l ^ ZL ^12 -^71 AIJLI- ^^^<^]- 

NAND -a-y:^ ^^^Vfe NAND TflolB; 

^1-71 ;*1]1 NAND 7\]o]^9\- 5LS.>i ^^^^51, ^7] ^S.^ *a^^<^> 

NAND T^^s^i-fe ;^]2 NAND 7ilo]E; 

^71 NAND TllolH^ #^ ^3:1- S3^^o> «V^3^1-fe ;5ll2 <^lwlEi; 
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^ofloi^. ^ '^I'^loll: #^*>^ ^14 91^^]: 

■^12 ^71 ^Jis] «>:$i^l- ^JS.«>o]- NAND T^^^V^ ^13 NAND TflolH; 

>^T-7l 4^7flSl #^ ^ Zl «V^^ ^ ;^I13 Al^o^ aV^^ ^ 

^14 ^7] '^^^^^^V NAND n^^*>^ ^14 NAND TflolH; 

^^■71 NAND TflolEo:) Aij: ^ ^7l ;5jl4 NAND 7flo]H^ %^ ^s.^ 

NOR NOR TflolH; 

^7l NOR TflolEo^ XI *a^^<5> NAND 9^^-^ ^^*>^ ^15 NAND t]]^]^; 

^7] «]-^ A] J: ^ >^i-7l ;H15 NAND TllojE^ *a^^o> NAND 

T^^^Vfe ^16 NAND 7llo]H; 

^>7| ^16 NAND TllolB^ #^ 'a^^oj- ^^^1-^ ^15 ^h^E^; 

^7] 4^7flfil -S-71 ^ ZL ^ ;^13 -S-71 «a^«J-o> 

NAND ^^a-^ ^^^V^ ^17 NAND 7^)olB; 

^7l /^]7 NAND 7llo]B5!]- 3.5.^ tS^^^^H, ^7] ^15 <?ltHti^ ^^ 
^<*> NAND T^1P*>^ ;^18 NAND 7\]<^]^; 

^7l 4^71121 :^7l ^ ZL ^ ;^14 ^7l #^ ^ 1>«^> 

NAND <?i^^ T^^^V^ ^19 NAND TflolH; 
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^7] NAND 7flolH5!i- aS-i ^y] ^€ e)^ *a^^*i> NAND 

<?a^* ^, ^51)-^^ ^7] 45 NAND TllolH^ #^*>^ ^110 NAND Tfl^lH; 

'5h7l ;H18 NAND Til^lH^ #^ <aJ: ^ -^7] :^]10 NAND TflolHS] #^ 
NAND T^^^l-^ ^111 NAND 7\]<>]^; 

^7] ;*llll NAND 7]]o]^9] %:^ ^^^^ ^6 "^^^l 

91^]^]^ ^s. # # ti«^i<^ii- -ajis-^H 4? 

^7] ;H17 ^tH&l^ #^ ^Jll- SJ^^<*> ^€*>^ ^18 
oloilo]^ A]^ ^ wlJH <?1<^1<^11: ^SSA-l #^*>^ ;^19 

^7] 41 ^1^-^^ m:^ s]^i>«> ^^^>^ ^ui 

4>7l ;^lll ^iHE-i^ ^^ ^S. ^ ^J-7l ;^]l ^<^l<i]l: -^S.^ '^^'&<^} NAND <^<i 
^ n^^*>^ ^112 NAND TflolH; 

;*1112 NAND Tll^lH^ %^ ^Sl* *?3^^c>> ^^^V^ ^112 91^^', 
^7] 410 NAND 711 Q]H^ #^ "y^^^^V ^€*>^ ^]13 

^7] 412 9l^B\o] ^^ ^s. ^ ^7] 414 9l^T^s;\ ^^ ^^.m: *a^^<^> nand 

n^^^Vfe ^113 NAND TflolB; 
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^7] ^]13 NAND 7l]o]HS] ^^ 'U^'^'=>} ^^^>^ ^115 

^7] ;^115 ^t^Blsl ^^ SJ^^<^> aV^*]-^ ^116 91^^; 

o]# Ais^A-l #^*>^ ^117 ^ 

olo]]c]^ 'i:!^ ^ ^]2 <?1=^]<=]1: ;^118 ^^^t^] 

» ^^-^s. Ji^ ^s. 



5] 

^oM ^V'^l^ ^s:^ 'i^^^M ^^*>^ ^119 <?ltilE^; 

^1-71 >qi9 #^ ^^ll- <g^^o> o>^*>^ 71120 ^tH^; 

^7l ;*fl20 91^^^ ^S* •a^^'^V ^l^^l^lfe ^]2 ^1^^; 

^7i /sii2 ^^ ^s. ^ >^7i ^120 m■^ ^a^ii-^^i- nand 

91^^ ^^*>^ ^114 NAND TflolH; 

^7] 42 ^s. ^ ^7] 420 91^^^ ^^^<5> NAND ^ 

^^■^ 415 NAND TflolB; 

^^7l ;Hll5 NAND TliojE^ ^^^1"^ ^121 91^3]^; 

^oM #^ "i^^^o]. ti>^*>^ 422 

^7] 422 91^^^^ #^ 'Un^<=>} ^^^}^ 423 
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4ii 7]]o]^ ^^>^ ^7] ;^114 HAND TllolHS] %^ 

^^^^ ^11 PMOS H^^l^Bl; 

^ ^j-7] .-^121 «ywJE^^ #^ ^slM: ^^^^ ^^11 ^^f.^os h^^^-I^^j; 

:E.e11^ ^^>^ ^7l ;^ll NMOS H^^l^el^ ^;^H1 TflolB 

<^^^^c>} ^^^}^ ^126 

# <a^«>^n^. :e.^1<?1 ^;^>^ ^7] PMOS H^^l^Bl^ ^^Hl >112 

PMOS ^^A^^; 

^^1-71- -^V7i ;5)ii PMOS H^^i^t^^ ^eii^ ^^v-^i ^€^1^. ^^^1-1- 

-i-^H 'a^^ ^« ^^^}^ 427 

^7] ;H127 -^iBltisI ^^tt ^, H ^7l ;*1127 

E^S. #^^]-^ p«)]28 ^tHB^; 

^7l ^127 <ywlBi^ #^ Al^l- ^^^o). ti>:5isr>^ 429 91^^]; 

4^]^ "d-A^ ^7l S-JB ^5: Si <a^^<Hl :^e)loi ^;^> ^ 

^^>^ ^13 NMOS 
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44: NMOS ; 

>iBl^ 711 olB %■^^}^ 430 ^HlBl; 

;^129 ^HlB]^ ^^ ^S. ^ ^7] 430 91^^^ ^SL» NAND 

?!^l-5>^ ^116 NAND 4^]^' 

-^7] 4l6 NAND TflolH^ %^ Aij:^ <a^^«*> ^131 91^^'. 

^7] 431 9i^B\s] %^ Aij:^ <a^«i-<i> ^, n ^21-^^ ^71 s 

^ ^JlS^i #^^>^ ^132 91^^ 

1- i^^m ^^-^^ ^1^ 
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